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Abstract: The fell-and-burnsite preparationtechniqueis an effectivemeansof regener-
ating low-quality hardwoodstandsto pine-hardwoodmixtures in theSouthernAppala-
chianMountains.In this region,pine-hardwoodmixturesoffer acompromisebetween
the benefitsof hardwoodmanagementto wildlife and the economicbenefitsof pine
management.However,thefell-and-bumtechniquehasnot beentestedin the Piedmont
and other regions.This study comparedthe effectsof severalvariationsof the fell-
and-burntechniqueon small mammal communitiesand wildlife habitat in the upper
Piedmontof Georgiaduring the first year following treatment.Resultsindicate that
high-severityfires may damagesite quality. All site preparationtreatmentsproduced
more foragebiomassand richer,morepopuloussmall mammalcommunitiesthandid
unharvestedcontrols.Unburned,felled sitessupportedmore foragebiomassandmore
speciesof small mammals.Burningwithout felling resultedin thehighest[orb produc-
tion, while felling andburningsupportedthe mostdiverseplant communityandhighest
numbersof small mammals.
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The fell-and-burnsite preparation technique has proven successfulas an inex-
pensivemeansto regeneratelow-quality standsto more economically productive
pine-hardwood mixtures in the southern Appalachian Mountains (Phillips and Aber-
crombie 1987). Complete descriptions of the technique are given by Abercrombie
and Sims (1986) and Phillips and Abercrombie (1987). Briefly, the technique in-
volvesa commercial clearcut followed by spring felling of residual stems(>2 m in
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height) andsummerbroadcastburning. Pinesare planted the following winter at a
3 x 3-ni or wider spacing.Researchersanticipatethat the techniquewill produce
results in the upper Piedmont similar to thoseobservedin the mountains.However,
differencesan vegetation,animals,climate,soil, andtopographymay makerefine-
ments to the technique necessary.Previous studies in the Piedmont have shown that
the fell-and-burn technique allows successfulhardwood regeneration (Geisinger et
al. 1989), but reduces competition enough to allow pine seedlings to become
established(Waldrop et al. 1989).

Benefits or detriments to wildlife have not been documented. It has been
supposed that use of fell-and-burn methods would benefit certain game species
becausemast production is continued that would otherwise be lost through conver-
sion to pine monoculture.However,therehasbeenlittle considerationof effectson
sniall mammals,insects,and herpetofaunain treated stands. For these reasonsit is
importantto determinetheeffectsof thetechniqueon all componentsof theexisting
communitiesbefore promoting its use in the Piedmont.

Methods

StudyArea

Study areaswere located in the Upper PiedmontPlateauregion of North
Georgia, on the Dawson DemonstrationForest in Dawson County. Soils were
fine sandy loams of the Fannin and Tallapoosaseries.Annual teinperatureand
precipitation average15.5 C and 150 cm, respectively. During 1989, when this
study wasconducted,temperaturewas0.8 C below normal, and precipitationwas
31 cm abovenormal.

Prior to harvest,standagesrangedfroni 45 to 55 years.Site indexesaveraiged
18 m (range IS to 20 m) for shortleafpine (Pi,ius echinata Mill.) at 50 years.Stands
consistedpriniarily of low-quality hardwoodsdominatedby upland oaks(Quercus
•pp.) ~nd small numbersof shortleafpine, loblolly pine (P. zaeda L.), andVirginia
pine (P. virginiana Mill.). Basalareaaveraged9.3 m2lha. Aspectsrangedfrom 180
to 230 degrees,and slopeaveraged16.2 percent(range 10.0 to 22.0).

The study was establishedin a randoniizedcomplete block design with 4
treatmentsreplicatedin 3 blocks, Treatmentswere selectedto examine variations
ofthe fell-and-burnsitepreparationtechniqueandincluded: I) felling of unmerchant-
able residuals only, 2) summer broadcast burning without felling, 3) felling and
burning, and 4) an unharvested control. Each treatmentareawas approximately
I ha. Stands were harvested during February 1988 by a commercial logging opera-
tion, Residual stems were felled by chainsaw crews in May 1988. Site preparation
burns were conducted on 3 July 1988, 3 days after a rain of 2 cm. At the time of
burning, moisturecontentof 10-hour tiaiielag fuels (measuredwith fuel moisture
sticks) was I I percent. Relative huniidity was 55 percent and wind speedswere less
than 8 km/hour. Strip headfire was the most common firing technique. However,
backing fires were used over large areas to protect other studies in adjacent stands.
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HabitatAnalysis

Proceduresfor habitat analysiswere modified from U.S. Fish and Wildlife
Service Habitat Suitability Index (HSI) models (Mengak et al. 1989). Prior to
harvest,10 to 20, 0.04-havegetationplots wereestablishedalonga transectwithin
each treatment area. Plots were spacedat varying distancesalong the transectto best
utilize the availablearea, avoid overlap, and maintain a southerly aspect.Permanent
small-mammal trapping stations also were establishedat eachplot center. Sampling
was conductedduring 3 samplingperiodsin 1989. Periodswerechosento evaluate
habitat at the lowest level of vegetation production (1 ian to 31 Mar), the peak of
production(I May to 31 Jul), andtheendof thegrowing season(1 Septo 30 Nov),
Groundcoverestimates(by species)wereobtainedusinga35-mmoculartube(James
and Shugart 1970). Estimateswere madeat 1-in intervals along2 10-in transects
within eachsampleplot. Transectswere centeredon the trap station.

Above groundforage biomasswas determinedby clipping the currentyear’s
growth of all plantsin a I x I-in plot, randomlylocatedwithin each0.04-haplot to
a heightof I .5 m; foragewas weighed in the field. Clipped materialwas separated
into 3 categories:woody, forbs, and grasses.Moisture contentof forage biomass
was determinedin the laboratoryafter drying in a forced air oven at 60 C for 72
hours.

Trapping

Trappingof small mammalstook place during the 3 periodswhen vegetation
was sampled.Traplineswere prebaitedfor 5 nights using closedtraps baitedwith
peanutbutter,Then,samplingwas conductedfor 5 consecutivenightsduring each
trappingperiod. Four trap typeswere usedin eachtreatmentarea: Victor rat traps,
Victor mousetraps, Museumspecialtraps, and pitfalls with drift fences.All traps
were rebaitedeachday during the prebaitingandtrappingperiods.Trappingdesign
was identical for all periods.

One snaptrap of eachtype was placedwithin 2 m of eachrandomly-located
trap station. Trappingstationswere markedwith I-in sectionsof rebar in order to
establishpermanenttrap locations.Pitfalls were randomlylocatedon eachsite by
overlayinga grid on the site map and using a randomnumbertable to determine
theircoordinates.A modificationofthetrapdesigndescribedby Williams and Braun
(1983) was used. Each drift fence consistedof 3 5-in x 51-cm legsof aluminum
flashingthatmetatacommonpoint centeredon the pitfall, with 120degreesbetween
each pair of legs. Flashingwas set in a ditch 8 to 10 cm deep. Theseditches were
then packed with soil and the fencessupported with wooden stakes. At the center
of the fences,a 19-liter plastic bucketwas buried flush with the ground. Buckets
were kept one-third to one-half full of waterto drown captured animals and were
coveredwith a lid when not in use. All traps were checkeddaily during trapping
periods.

Vegetation and trapping data were used to calculate Shannon diversity (H’),
evenness(I), and speciesrichness(5) for eachtrapping period. Shannon diversity
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was calculatedas H’ —XP1 (In P) where (P~) is theproportionof the ith species
in the population(Shannonand Weaver 1949). This function measurestheuncer-
tainty in predictingthe identity of any randomly selectedindividual basedon the
total numberof speciesin the sample(5) andthe numberof individuals(N), or the
proportionof that speciesto the whole sample(P~) for each speciesrepresented in
the sample. (J) is a measureof the evennessof the distributionof individuals within
the speciespresent, and is calculated as J H’/(lnS) (Pielou 1977). Speciesrichness
(5) was the number of plant or animal speciessampled.

Insectswere collected in 10 randomly located 600-mI pitfalls on each site.
Traps were used for biomasscollection only since nunibersof terrestrial insects
can be overestimatedwhen speciesare individually singledout for identification
(Southwood1978).Trapswerekeptone-thirdto one-halffull of equalpartsof water
and ethyleneglycol to keep the insectsflexible. Trapswere emptieddaily during
the5-dayperiodwhensmall-mammaltrappingtook place.All insectswereidentified
to family, dried in a forced-air oven at 60 C for 72 hours,and weighed.

All habitatandtrappingdataweresummarizedfor eachsiteandtreatmenttype.
Analysis of variancewas used to test for differencesbetweentreatments,blocks,
andcollection periods.Differenceswere testedfor significanceat the0.05 level of
probability.

Results and Discussion

Vegetation

Biomass.—AII site-preparationtreatmentsproducedhigherforagebiomassthan
unharvestedcontrols(Fig. I). Both woody andgrassforageproductiononegrowing
seasonafterharvestwere significantly higheron the fell-only site-preparationtreat-
ment than all othertreatmentsdueto the longergrowthperiod and relatively undis-

~00

~~oo Grasses

D Forbs

• Woody

j1500

1000
U-

Figure 1, Foragebio-
500 massproduction by

speciesgroup and treat-
___ _____________ ment, DawsonCounty,

Geor2ia. 1989.
0

Bum Only Fell Only Fell & Bum Gontro~



108 Evanset al.

turbed litter layer. However,the litter layertendedto inhibit forb establishmentby
blocking accessto the soil and limiting the penetrationof sunlight.

Total production was inhibited in theburn-only and fell-and-burntreatments
where slow-movingbacking fires, which tended to remain stationary in areasof
heavy fuel concentration,createdconditionsof high severity (Wells et al. 1979)
where the duff layer was consumedand mineral soil was exposed.Van Lear and
Kapeluck (1989) found that 3.6 cm of topsoil had eroded from study sitesduring
the 9 monthsfollowing burningon thesesites.Storedseedsand seedsinvading from
adjacent areas likely were washedaway. Many stumps failed to sprout after burning
becausethe cambial layer was consumed.Grassproduction also was reducedby
burning as comparedto the fell-only treatment.Forb production respondedmore
favorablyto burningandwassignificantly higheron the burn-onlysitesthanon fell-
only sites.Without felling, fuel loading was not ashigh andburnstendedto be less
severe,allowing greatergrassandforb productionthanthe fell-and-burntreatment.

PlantDiversity.—Site preparationtreatmentsproducedfew changesin theplant
speciesrichness(5) betweentreatments.Eventhoughsite-preparedareassupported
a different group of speciesand the total numberof specieswas higher than in
unharvestedcontrols, themeannumberof speciesper sampleplot wasnot signifi-
cantlydifferent (Fig. 2). Shannondiversity (H’) wasunaffectedby treatmentduring
periods I and 3 (Table I). However, differenceswere observedduring period 2
when the vegetationwas at peak productionand groundcoverwas maximum. At
this time, H’ was greaterin all site preparedareasthan in unharvestedcontrolsand
significantlygreaterin the fell-and-burntreatmentareas.Evenness(J)of vegetation
was not significantly different amongtreatments.

On unburnedsites, a few woody and grass species(<15) maximizedtheir
growthat theexpenseof theforbs.Burnedsitessupportedsomewhatlargernumbers
of species,but in relatively small proportions.Speciesgroupsin burnedtreatment
areaswere separatedby micrositesthatresultedfrom differencesin fuel loadingand
fire severity. Thesemicrosite differenceswere most noticeable in fell-and-burn
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Table I. Shannondiversity (H’) for vegetationby treatment
and samplingperiod, Dawson County.Georgia. 1989.

Treatment

I Jan~-3l Mar

1989

Per jud

I May11 Jul

1989

1 Sep—31 Nov

1989

No fell, burn l.259a 2.964ab 2.315a
Fell, no burn I .432a 3.293ab 2.476a
Fell and burn I .239a 3.659a 2.597a
Unharvestedcontrol LX7la 2.579b 2.596a

~vaiiiesfollowed hv the same letter within colmiin were m significantly di kren~ at
the 0.05 level.

treatmentareas.Felled stemsservedas fuels to hold the fire in someareaslonger
thanothersand thuscreatedlocalizedareasof high severity.Control sitessupported
different speciesthansitepreparedareas.Severalspeciespresenton thecontrolsites
were absenton the treatedsites becauseof their inability to survive underopen
conditionsor their inability to competewith early successionalherbaceousspecies
and woody sprouts.A completelisting of speciesby treatmentwas given by Evans
(1990).

Small Mammals

Speciesrichness(5) of small mammalswas increasedby all site preparation
treatmentsandwas significantly greaterthanunharvestedcontrols in fell-only treat-
ment areas(Fig. 3). This increasein S is probablya responseto the type andtotal
amountof foragebiomassavailableto the animalsas well as theamountof suitable
coverand its proximity to a foodsource.Both foragebiomassandgroundcoverwere
niaximizedon the fell-only sites(Fig. I). Shannondiversity(H’) for small mammals
was not significantly different betweensite-preparationtreatments(Table 2). All
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Table 2. Shannondiversity (H’) for small mammal
populationsby treatmentand samplingperiod, DawsonCounty,
Georgia, 1989.

Treatment

Period

I Jan—31 Mar

1989

I May—31 Jul

1989

I Sep—31 Nov

1989

No fell, burn O.000a8 O.616a I.085a
Fell no burn O.322a l.233a O.833a
Fell and burn O.OOOa O.777a l.020a
Unharvested control O.OOOa 0.23Ia 0.OOOb

aval~sfollowed by the sameletter within a column were no4 significantly different at

the 0.05 level.

site-preparationtreatmentsyieldedhigherevennessvalues(J) duringthesecondand
third periodsasa resultof slightly higherH’ values.I of smallmammalpopulations
was significantly higher on burnedtreatmentsthan control sites during the third
samplingperiod (Table3).

Meannumberof individuals (N) utilizing a given areawas significantly higher
on all site-preparationtreatmentsthancontrols(Fig. 4). Thecombinationof felling
andburningproducedsignificantly higherN valuesthanall othertreatments.These
high N values were the result of early successionalspeciescolonizing the most
severely burned sites. Not all small mammal species increasedin responseto
disturbance.Themost commonspeciestrappedwere thosebestadaptedto anearly
successionalenvironmentsuchaswhite-footedmice (Peromyscus leucopus) (Table
4). This finding agreeswith a numberof other studies that show an increasein
Peromyscus~spp. following fire (Ahlgren 1966,Krefting andAhlgren 1974,Hingtgen
andClark 1984).This increasein Peromyscus spp. was mostpronouncedduring the
first 2 samplingperiods,but was still evidentduring the third samplingperiod. By
thattime, mostof thehabitatwas sufficiently developedto supporta largernumber
of specieswith morevariedfoodhabitsandcoverrequirements.Dueto severebums

Table3. Evenness(J) of small mammalsby treatmentand
samplingperiod, DawsonCounty,Georgia, 1989.

Treatment

Period

I Jan—31 Mar

1989

I May—31 Jul

1989

I Sep-31 Nov

1989

No fell, burn 0.OOOaa 0.66Ia 0.842a
Fell no burn 0.449a 0.620a O.619ab
Fell and burn 0.OOOa 0.651a 0.0847a
Unharvested control 0.OOOa 0.333a 0.OOOa

aval~s followed by the same letter within a column were no4 significantly different at
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Figure4. Meannum-
ber of small mammal in-

dividuals captured by
treatmentin Dawson
County, Georgia, 1989.
Treatmentswith the same
letter are not significantly
different at the 0.05
level.

Table 4. Relative abundance(%), and
species,DawsonCounty Georgia. 1989.

numberof individual animals(N) by

Species N Abundance (%)

Mammals
White-footedmouse
Cotton rat
Cotton mouse
Golden mouse
House mouse
Leastshrew
Pine vole
Southeasternshrew
Easterncottontail rabbit
Southernflying squirrel

Total

(Peromvscusleucopus)
(Sigmodonhi.spidus)
(P. gossvpinus)
(Ochroiomvsnuitall ii)
(Mu.i musculus)
(Crvpioiis par~’a)
(Microtus pinelorum)
(Sorex Iongiroslris)
(SvIsilagusfloridanus)
(Glaucomvsvolans)

152
19
15
13
6
6
2
1
I
I

216

63.9
7.9
6.3
5.5
2.5
2.5
0.8
0.4
0.4
0.4

90.8

Non-mammals 22 9.2

GrandTotal 238 100.0

in someareas,many microhabitatsremainedin an earlysuccessionalstagefor the
entiregrowing seasonandweresuitableonly for specieslike Peromyscus spp. that
couldsuccessfullyexploit them.Otherspeciescould movefrom onearea to another
in order to exploit seasonallyabundantfood sources,as was seenby Briese and
Smith (1974).

Insects

Total insect biomassdecreasedsomewhatas a result of all site preparation
treatments (Fig. 5). Burned sites averaged I .3 kg/ha, while unburned and control
sites averaged1 .2 and 1 .5 kg/ha, respectively.Recoveryof insectproductionwas
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biomassproductionthancontrols.During period3, insectbiomasswas significantly
higheron the fell-and-burnsitesthan in controls. The ordersColeoptera,Lepidop-
tera,andOrthopteracontributed>70 percentof thebiomass,but Diptera, Hemip-
tera,1-lomoptera,and1-lymenopteraalsowere collected.

Conclusions

Foragebiomassproductionwas greateron all site-preparationtreatmentareas
than in unharvestedcontrols. Also, site-preparedareassupportedricherplant com-
munitiesandhighernumbersof small mammalsthancontrols. In this study,felling
of residualstemswithout burningresultedin themostproductiveplantcommunities
becauseit did not suffer from the heavy erosion associatedwith both burning
treatments.

Even though severeburnsproducedadverseaffects to site quality, the short-
term effectson wildlife habitat and small mammalsappearto be positive. If site-
preparationburningcanbe conductedin a mannerto minimize erosion,thefell-and-
burn techniquemayproveto be thebestof thesite-preparationtreatmentstestedfor
small mammal habitat. This treatmentwas preferableto the bum-only treatment
since it resulted in greaterplant biomassandplant speciesrichness.Variable fire
patternsdue to unevenfuel loading createdmicrosite differencesthat may have
causedthe increaseof plant speciesrichness.Also, areas that were felled and burned
had significantly highernumbersof small mammalsutilizing the areathanall other
treatments,

The fell-and-burntechniqueis a relatively inexpensivemethodto regenerate
pine-hardwoodmixturesbut its applicationin thePiedmontrequires additional study.
Effects on wildlife, water quality, and soil as well as on stand regenerationand
developmentare currently being studied. As Van Lear and Kapeluck (1989) have
shown,burning prescriptions on Piedmont sitesmust be modified if erosion is to be

Control
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ent from thoseof mountainsites,and it may be necessaryto modify fell-and-bum
techniquesbecauseof thosedifferences.Finally, this study addressedonly theearly
successionalhabitat changesthat resulted from this technique.The impactof this
type of site preparationon wildlife as the standscontinueto develop is yet to be
determined.
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